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1. INTRODUCTION 2. MATERIALS AND METHODS 
A photochemical pproach as been developed 
to label and study membrane structure. It involves 
the use of reagents which on photoactivation give 
rise to highly reactive carbenes or nitrenes. These 
reactive intermediates in turn insert into the neigh- 
bouring molecules. Thus depending on the loca- 
tion or disposition of the photoactivable probe in 
membranes, the membrane components are cova- 
lently labelled. Further, depending on the polarity 
of the probe, it can label either the surface [1,2] or 
the hydrophobic ore [3] of the membrane. Even 
though such reagents provide useful information, 
the degree of insertion of the photoactivable probe 
into the membrane components i  quite low, -5% 
[4]. This necessitates the preparation of photoac- 
tivable reagents with very high specific activity, 
e.g., 1500 mCi/mmol. As an alternative approach, 
fluorescence can be used as a sensitive method for 
monitoring the degree of insertion. In [2] 3-azido- 
(2,7)-naphthalenedisulfonate (ANDS) was used 
for fluorescent photochemical l belling of erythro- 
cyte surface. 
We report here the use of diazofluorene (DAF) 
as a photoactivable probe. DAF is very easy to 
prepare, extremely hydrophobic and strongly ab- 
sorbs beyond 300 nm. Due to its lipophilic nature, 
DAF easily partitions into the membrane hydro- 
phobic core. Here, it has been used to label phos- 
phatidylcholine (PC) vesicles. Even though DAF is 
not fluorescent by itself, the inserted products 
formed on photoactivation are highly fluorescent. 
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Phosphatidylcholine was purified from eggs as 
in [5]. Fluorenone was purchased from BDH. 
Fluorenone (0.11 mol) was refluxed with 
hydrazine hydrate (0.17 tool) in methanol (10 ml) 
for 30 min. The resulting solid was crystallised 
from methanol to give fluorenone hydrazone in 
83% yield; m.p. 148°C [6]. Fluorenone hydrazone 
(33.5 mmol) was taken in dry ether (500 ml), and 
0.5 g KOH in 0.25 ml water was added. The solu- 
tion was stirred and 48 mmol of purified yellow 
mercuric oxide was added in 3 portions over 
15 min. This solution was filtered, dried over so- 
dium sulfate. The ether was distilled off, last traces 
being removed with nitrogen. The red solid so ob- 
tained was crystallised from petroleum ether to 
give diazofluorene (DAF) in 89% yield, m.p. 96-  
97°C [7]; IR 2050 cm- l  (Diazo). 
Photolysis of 1% solution of DAF in dry, deoxy- 
genated cyclohexane was carried out using a me- 
dium pressure mercury lamp in an Annular Pho- 
toreactor (Applied Photophysics, London). A 
pyrex filter was used in all cases, to eliminate light 
below 300 nm. The crude product on column chro- 
matography on silica gel gave 9-cyclohexylfluo- 
rene in a 30% yield; m.p. 113°C [8]. The NMR 
spectrum gave the C-9H as a doublet at 3.96 ppm 
(3j = 3 Hz). Mass spectrum gave M + at m/e -- 
248. A gas chromatographic estimation of the 
crude photolysis mixture indicated that 9-cyclo- 
hexylfluorene was formed in a 67% yield. 
PC vesicles were prepared in 10 mM NaC1 by 
sonication. A 41.6 mM solution of DAF was pre- 
pared in ethanol. Subsequently, PC vesicles 
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(17 mM) and DAF were incubated for 1 h at 25°C 
(final [ethanol] 1% (v/v), final [DAF] 0.416 mM). 
After centrifuging for 40 min at 11 000 × g a part 
of the supernatant was applied to a Sephadex G-50 
column equilibrated with 10 mM NaC1. Fractions 
were checked for phosphate and DAF. The super- 
natant (9 ml) obtained after the above centrifuga- 
tion was photolysed for 45 min. It was then extrac- 
ted with chloroform and separated by TLC on a 
silica-gel plate. The solvent system used was chlo- 
roform:methanol:water (65:25:4, by vol.). The PC 
band was extracted and checked for absorption 
and fluorescence. It was then trans-esterified and 
both the fatty acid portion and glycerophosphoryl- 
choline portion were checked for fluorescence. A 
control experiment consisted of an identical un- 
photolysed sample. Phosphate assay was done as 
in [9] and DAF was estimated spectrophoto- 
metrically by following the absorption at 291 nm. 
3. RESULTS AND DISCUSSION 
DAF is conveniently prepared by oxidation of 
fluorenone hydrazone in -90% yield. It is stable 
as a solid at 8°C in the dark, but very dilute solu- 
tions in non-deoxygenated solvents tend to decom- 
pose, especially in the presence of light. DAF can 
be dissolved in alcohol up to 41.6 mM maximum 
beyond which it crystallises out. Further, it strong- 
ly absorbs at 302 (e 12 200), 332 (e 9860) and 
345 nm (~ 11 970), though its ~,max appears at 
237 nm (e 53 900). This makes it very easy to pho- 
tolyse DAF with light above 300 nm - an impor- 
tant prerequisite for photoactivated reagents [4]. 
DAF on photolysis in cyclohexane gives rise 
mainly to the C -H  insertion product, 9-cyclo- 
hexylfluorene, which fluoresces at 318 nm in meth- 
anol. It may be added here that, as expected, DAF 
is non-fluorescent, making it easy to follow the 
course of photolysis. Depending on the conditions 
of photolysis (i.e., solvent) DAF can give rise to re- 
actions of both singlet and triplet carbenes [10]. 
Thus, besides 9-cyclohexylfluorene, trace amounts 
of fluorenone, bifluorenyl and bifluorenylidene 
are also formed on photolysis of DAF in cyclohex- 
ane. 
To check the potential of DAF as a photoactiva- 
ble reagent for membranes, it was decided to in- 
corporate DAF into PC vesicles. Thus PC vesicles 
and DAF were incubated and centrifuged. The su- 
pernatant so obtained indicated a molar ratio of 
43:1 (PC:DAF). The Sephadex G-50 run of the su- 
pernatant showed the PC vesicles in the void vol- 
ume. A spectrophotometric analysis of the eluate 
indicated that DAF had completely come into the 
void volume, clearly indicating a complete parti- 
tioning of DAF into the vesicles. 
The photolysed supernatant was separated on 
silica gel coated plates. The PC fraction so ob- 
tained was checked for both absorption and fluo- 
rescence. The absorption spectra gave bands 
beyond 280 nm where PC does not absorb at all, 
indicating that DAF had inserted into PC. Further, 
the PC fraction was found to be highly fluorescent. 
In the control experiment involving unphotolysed 
examples, no fluorescence was observed in the PC 
fraction. The insertion of DAF in PC was found to 
be between 3-5%. Further, on trans-esterification 
of the PC fraction only the fatty acid portion was 
found to be highly fluorescent giving a fluores- 
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Fig.i. The fluorescence spectrum of fatty acid fraction 
obtained from PC-DAF phototysed mixture ( - - )  and 
9-cyclohexyl fluorene (---) in methanol, 
166 
Volume 146, number 1 FEBS LETTERS September 1982 
cence spectrum very similar to that of 9-cyclohexyl 
fluorene (fig.l). The glycerophosphorylcholine 
fraction was found to be non-fluorescent. In an in- 
dependent experiment, DAF was photolysed with 
methyl oleate and cyclohexane and the fatty acid 
fraction was separated. It gave a fluorescence spec- 
trum very similar to that obtained on hydrolysis of 
DAF-inserted PC. 
It is evident from these results that DAF parti- 
tions into the hydrophobic interior of vesicles and 
labels the fatty acyl chains. DAF would thus serve 
as a useful photoactivable r agent for labelling in- 
tegral membrane proteins. Besides giving rise to 
fluorescent insertion products, its flat structure and 
hydrophobic nature make it an attractive photoac- 
tivable reagent. Our studies on labelling of eryth- 
rocytes with DAF are in progress. 
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